In this study, we tested the underlying mechanisms of early emotional prosody perception, especially examined whether change detection in oddball paradigm was caused by emotional category and physical properties. Using implicit oddball paradigms, the current study manipulated the cues for detecting deviant stimuli from standards in three conditions: the simultaneous changes in emotional category and physical properties (EP condition), change in emotional category alone (E condition), and change in physical properties alone (P condition). ERP results revealed that physical property change increased brain responses to deviant stimuli in the EP than in the E condition at early stage 90-160 ms, suggesting that physical property change of emotional sounds can also be detected at the early stage. At the later stage 160-260 ms, the simultaneous and respective changes in emotional category and physical properties were reliably detected, and the sum of the brain responses to the corresponding changes in E and P conditions was equal to the brain responses to the simultaneous changes in EP condition. Source analysis further revealed that stimuli-driven regions (inferior parietal lobule), temporal and frontal cortices were activated at early stage, while only frontal cortices for higher cognitive processing were activated at later stage. These findings suggest that emotional prosody changes in physical properties and emotion category are perceived as domain-general change information in emotional prosody perception.
Introduction
Rapid and accurate detection of affective signals from surroundings is adaptively crucial for humans and other animals to prepare for impending danger (Sauter and Eimer 2010) . Emotional prosody conveyed in speech by modulating acoustic properties (e.g., pitch, intensity, and duration) is particularly important for understanding the speaker's emotional state and intentions for successful communication (Dietrich et al. 2006) . Early emotional prosody perception has been investigated broadly in cognitive neuroscience studies both on normal adults (Liu et al. 2012; Sauter and Eimer 2010) and patients, such as those with Williams syndrome (Pinheiro et al. 2011 ) and Asperger's syndrome (Kujala et al. 2005) , with methods such as event-related potentials (ERP) (Goydke et al. 2004) , magnetoencephalography (MEG) (Thönnessen et al. 2010) .
One popular paradigm used to explore the early perception of emotional prosody is implicit oddball paradigm. In this paradigm, participants are exposed to a stream of consecutive sounds that contain repeated standard stimuli and infrequent deviant stimuli, from different emotional categories, and required to perform a stimulus-unrelated task (e.g., watching a silent movie). Mismatch negativity (MMN), obtained by subtracting the brain responses to physically identical standards from those to occasional deviants, is considered to be associated with the involuntary attention switch caused by auditory changes (Näätänen et al. 2007 (Näätänen et al. , 2010 . In the studies on emotional prosody, brain responses to repeated standard stimuli are compared with responses to deviant stimuli from different emotional categories. When deviants elicit stronger mismatch responses, the MMN is interpreted as an index of sensitivity to the difference between emotional categories (Goydke et al. 2004; Schirmer et al. 2005) .
Given the difference in MMN amplitudes evoked by emotional and neutral vocalizations (Schirmer et al. 2005) or sounds from different emotional categories (Goydke et al. 2004) , researchers infer that at around 200 ms after stimuli onset, listeners have already integrated primary cues and derived emotional significance. The detection of emotional category at around 200 ms is related to the second stage of the three-stage model of prosodic emotion perception (Schirmer and Kotz 2006) . According to the model, emotional significance is extracted from a set of acoustic parameters along the auditory ''what'' pathway projecting from the superior temporal gyrus (STG) to the anterior superior temporal sulcus in a latency of 200 ms (Schirmer and Kotz 2006) . This model is proposed on the bases of the results of a series of EEG studies on processing of emotional prosody, with the paradigms such as oddball.
The paradigm used identical sounds from one emotional category as standard stimuli and another emotional sound as deviant stimuli. In this case, whether these mismatch responses evoked in traditional emotional prosody oddball studies (Goydke et al. 2004; Schirmer et al. 2005) only reflect the detection of prosodic emotional category remains to be a question. The changes from standards to emotional deviants are not only in emotional category but also in physical properties of the sounds (e.g., intensity, pitch, phonological sequences, and so on), and both of them may be responsible for the observed MMNs (Thönnessen et al. 2010; Zevin et al. 2010) . MMNs have been proved to be sensitive to salient changes in the habituation paradigm. That is, when stronger changes presented in experiment, participants were not sensitive to weak changes, suggesting that the brain response to category information is a domain-general detection (Zevin et al. 2010) .
Previous ERP and fMRI studies on early emotional prosody perception have already provided evidence for the effects of change in physical properties alone. For example, changes in pitch of emotional sounds can modulate early brain response to deviant stimuli (Goydke et al. 2004) , and changes in prosodic emotional intensity can modulate early brain response of N1 (Thierry and Roberts 2007) . The fMRI studies also reveal a strong association between acoustic properties and cerebral responses, such as midsuperior temporal cortex for basic acoustic properties analysis (Ethofer et al. 2009a, b; Grandjean et al. 2005 ) and superior/inferior parietal lobule (SPL/IPL) along the auditory ''where'' stream for auditory spatial analysis (Ethofer et al. 2012; Sander et al. 2005) . High-level cognitive regions are also involved in emotional prosody processing, such as medial frontal gyrus (MeFG) for the implicit evaluation of emotion or intentions (Amodio and Frith 2006; Sander et al. 2005) , and middle/superior frontal gyrus (MFG/SFG) for emotion evaluation (Bach et al. 2008; Ethofer et al. 2009a, b) .
One solution to eliminate the confounding of physical dimensions and emotional category changes is to detect the deviants in the background of constantly varying standard stimuli in a modified oddball paradigm. When the standard stimuli keep changing physically, emotional category could be the only reliable cue to detect deviants. Thönnessen et al. (2010) used 14 neutral disyllabic pseudo-words presented randomly as standard stimuli in a MEG study. The common feature shared by the standards was their neutral emotion, the deviant stimulus can only be detected by the change in emotional category. With the modified oddball paradigm this study found an early response (180-280 ms) to deviants evoked at the right temporal cortex, suggesting that emotional category was perceived at early stage.
A further question is whether sound property change can also be detected in traditional oddball paradigm containing the simultaneous changes in emotional category and physical properties. To clarify this question, it is useful to compare traditional and modified oddball paradigms, the former containing the simultaneous changes in emotional category and physical properties, and the later containing change only in emotional category.
The current study systematically manipulated the cues to deviants from standards, including four conditions: simultaneous changes in emotional category and physical properties (EP condition), change in emotional category alone (E condition), physical change alone (P condition) and an equiprobable control condition (C condition). The MMNs evoked in these conditions were examined. Two difference waves, traditional deviant-minus-standard and deviant-minus-control, were used to test the brain responses in EP, E and P conditions. Since the control stimuli embedded in stimulus sequences in C condition have the same physical characteristics and probability of occurrence as deviant stimuli in EP, E and P conditions, the deviant-minus-control difference wave has more genuine mismatch response compared to traditional deviantminus-standard difference waves (Jacquemot et al. 2003; Kimura et al. 2009 ). Source analysis was conducted to reveal whether these effects could be explained in domaingeneral change detection.
Materials and methods

Ethics statement
All participants were provided written informed consent forms in accordance with the Declaration of Helsinki. The Ethics Committee of the Institute of Psychology, Chinese Academy of Sciences approved this study, its participantrecruitment procedure, and its methodology.
Participants
Twenty-nine university students (14 females, 15 males; mean age 22.41 years, range 19-27 years) participated in the experiment. All participants were right-handed native speakers of Mandarin Chinese with normal or corrected-tonormal vision and with no history of neurological disease or hearing deficits. They provided their written informed consent and were paid an hourly stipend. Data from the two male participants were excluded from the final analysis because of excessive artifacts during the electroencephalogram (EEG) recording sessions.
Materials and design
Sixteen syllables were created by editing the tones of natural syllables, which are meaningless and even do not exist in Chinese language. The syllables were pronounced by a professional female speaker with neutral and happy emotions, and sampled at a rate of 22,050 Hz. Twenty-six volunteers (14 females, 12 males), who did not participate in the following ERP experiment, were asked to rate the emotion valence of the syllables using a 9-point-scale, from 1 (very unpleasant) to 9 (very pleasant), and the arousal level from 1 (very calm) to 9 (very excited). Based on the rating results, 48 sounds were chosen as experimental stimuli, with each syllable read in three emotional types, that is, neutral, slightly happy, and very happy. Multiple comparisons (Bonferroni corrected) on the rating data revealed that three emotional types of the stimuli significantly differed from each other, both for valence and arousal levels (ps \ .05) ( Table 1 ). The gender effect was also analyzed, and no significant differences were observed between female and male volunteers for the emotional types (ps [ .1).
In the oddball experiment, 16 very happy sounds used as deviant stimuli in three experimental conditions (i.e., EP, E, and P conditions) ( Fig. 1) , and neutral or slightly happy sounds as standard stimuli. The presentation of standard stimuli was manipulated to vary the cues for detecting deviants from standard stimuli. More specifically, in each block of the EP condition, a single neutral syllable was repeatedly presented as standard stimulus, and the participants would detect the very happy deviants from the neutral standards in terms of both emotional category and physical properties. In each block of the E condition, multiple neutral syllables were presented randomly as standard stimuli so that the emotional category was the only possible cue for deviance detection from neutral standards to very happy deviants. In each block of the P condition, a single slightly happy sound was repeatedly presented as standard stimulus, and the very happy deviants were detected in terms of change in the physical properties but not in the emotional category. In addition, an equiprobable control condition (C condition) was created by choosing sounds randomly from the continuously presented very happy sounds. Each very happy sound had the same probability of occurrence of deviant stimuli as in the other three conditions. Since the sixteen syllables were used as standard stimuli, deviants and control stimuli separately, then the effects of linguistic properties (such as number of strokes, phonological frequency, etc.) on experimental stimuli were matched among experiment conditions.
Procedure
The participants were seated comfortably in a soundattenuating chamber at a distance of about 120 cm away from the computer monitor to minimize eye movements. They were asked to watch a silent movie (with subtitles on) while being presented with auditory stimuli passively. The sounds were presented aurally through headphones. The sound volume was adjusted for each participant to ensure that all sounds could be heard clearly.
A block design was used, with each block containing 35 standard stimuli and 5 deviants (12.5 % probability of the deviant stimuli) (Fig. 1) . The mean duration of each sound was 500 ms, with the inter-stimulus interval (ISI) of 400-800 ms. Each block lasted for about 44 s, followed by 6 s of silence. Sixteen blocks each condition, and four blocks each set, 16 sets were combined randomly in four runs. The participants rest for 2-3 min after each run. The total experiment lasted about 1 h.
ERP recording and data analysis EEG was recorded with 64-channel Ag-AgCl electrodes mounted on an elastic cap with a sampling rate of 500 Hz. An electrode placed at the tip of the nose served as reference. Vertical electrooculogram (EOG) generated from eye-blinks were recorded supra-and infra-orbitally from the left eye. Horizontal EOG was recorded from the bilateral orbital rim. Impedances were kept below 5 kX. Signals were digitized with system filter settings at 0.5-100 Hz. EEG data were processed using the software NeuroScan 4.3. After eye-blink artifacts were corrected, the data were filtered offline with a low-pass filter of 30 Hz. ERP averages were computed with a 100-ms prestimulus baseline and a 600-ms ERP time window. Epochs with a signal change exceeding ±75 lV at any EEG electrode were rejected from averaging. On average, 8 % of the trials were excluded from further analysis. Brain responses to deviant stimuli were averaged as deviant ERP waveforms, and brain responses to standard stimuli preceding each deviant stimulus were averaged as standard ERP waveforms. Brain responses to 80 stimuli that were randomly chosen from the control equiprobable condition (C condition) were averaged as control ERP waveform. In determining whether deviant stimuli could be detected automatically by human brain, two types of difference waves were calculated: traditional deviant-minusstandard difference waves, which are obtained by subtracting the responses to standard stimuli from those to deviant stimuli in the same condition, and deviant-minuscontrol difference waves, which are obtained by subtracting the responses to control stimuli from those to deviants with the same physical characteristics and probability of occurrence between the control stimuli in the C condition and deviant stimuli in the EP, E, and P conditions for a more genuine mismatch response (Jacquemot et al. 2003; Kimura et al. 2009 ).
Repeated measure ANOVAs were conducted by 3 (Deviant type: EP, E, and P) 9 3 (Region: frontal, central, and parietal) 9 3 (Hemisphere: left, middle, and right) on the mean amplitudes, and nine electrodes (i.e., F3, FZ, F4, C3, CZ, C4, P3, PZ, and P4) were chosen for analysis. A series of ANOVAs was conducted in consecutive mean amplitude latency bins of 10 ms from 0 to 300 ms poststimulus onset. According to the different result patterns of the main effect and post hoc comparison for the Deviant type, time windows of 90-160 and 160-260 ms were determined for further analysis both on deviant-minusstandard and deviant-minus-control difference waves. Greenhouse-Geisser-corrected p values were used for ANOVA, and post hoc results were Bonferroni corrected.
Cortical sources activated by three deviant-minus-control difference waves were determined by applying source analysis of sLORETA (low-resolution brain electromagnetic tomography) to define neuroanatomical generators as additional supporting results (Jurcak et al. 2007; PascualMarqui 2002) . sLORETA estimates the current source density distribution for epochs of brain electrical activity on a dense grid of 6,239 voxels at 5 mm spatial resolution. The voxel-based sLORATA-images were used to compare brain responses evoked by deviant stimuli and control stimuli at two time windows (90-160 and 160-260 ms). Activation maps and regions of the deviant-minus-control difference waves were obtained by first thresholding individual voxels at t value above 1.96 SD and then applying a subsequent cluster-size threshold of at least 10 voxels. 
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Results
Deviant-minus-standard difference waves
As shown in Fig. 2 , the traditional deviant-minus-standard difference waves show that the largest negative deflection was evoked by the simultaneous changes in the emotional category and physical properties in the EP condition, and that the smallest was evoked by emotional category change in the E condition. No mismatch response was obtained by deviants in the P condition. For time window 90-160 ms, the 3 (Deviant type: EP, E, and P) 9 3 (Region: frontal, central, and parietal) 9 3 (Hemisphere: left, middle, and right) repeated ANOVA reveals a significant main effect for Deviant type, F (2, 52) = 11.55, p \ .01, g p 2 = .31, demonstrating that the difference waveform evoked by deviants in the EP condition [Mean Amplitudes (MA = -1.85 lV)] was more negative (p = .07, marginally significantly) than that in the E condition (MA = -1.05 lV); and in turn more negative than that in the P condition (MA = -0.14 lV) significantly (p \ .05). The main effect on the brain region was also significant, F (2, 52) = 7.53, p \ .01, g p 2 = .22, and a typical fronto-central distributed pattern of mismatch negative waveform was observed (Müller et al. 2002; Näätänen et al. 2010 ). Brain responses were more negative in the frontal and central than in the parietal region (ps \ .05); no difference between the frontal and central regions was observed (p [ .1). A significant interaction between Deviant type and Hemisphere was also observed, F (4, 104) = 3.41, p \ .05, g p 2 = .12. The simple main effects of Deviant type were significant across the left, middle, and right hemispheres (ps \ .05). In the left and middle hemispheres, a simple analysis indicates that difference waves evoked in the EP condition were more negative than those in the E condition and in turn were more negative than those in the P condition (ps \ .05). In the right hemisphere, the difference waveforms in the EP and E conditions were significantly more negative than those in the P condition (ps \ .05), but no difference between waveforms in the EP and E conditions was observed (p [ .1).
For the time window 160-260 ms, the main effects were significant for the Deviant type, F (2, 52) = 12.88, p \ .01, g p 2 = .33, and for Region, F (2, 52) = 10. difference waveform in the EP condition (MA = -2.25 lV) was significantly more negative than that in the E condition (MA = -1.24 lV) (p \ .05) and in turn was marginally significantly more negative than that in the P condition (MA = -0.56 lV) (p = .08). Deviant type interacted with brain Region, F (4, 104) = 3.41, p \ .05, g p 2 = .12, and Hemisphere, F (4, 104) = 4.94, p \ .01, g p 2 = .16. A simple analysis reveals that the difference wave evoked in the EP condition was more negative than that in the E condition and in turn was significantly more negative than that in the P condition in the frontal and central regions (ps \ .05) and in the middle and right hemispheres (ps \ .05).
The deviant-minus-control difference waves As shown in Fig. 3 , for the deviant-minus-control difference waves, different patterns of MMNs across conditions are observed during the two time windows of 90-160 and 160-260 ms.
From 90 to 160 ms, the repeated ANOVA reveals that the significant main effects for Deviant type were F (2, 52) = 13.25, p \ .01, g p 2 = .34, and those for Hemisphere were F (2, 52) = 3.49, p \ .05, g p 2 = .12. Post hoc comparison shows that the difference waveform in the EP condition (MA = -1.43 lV) was more negative than that in the E condition (MA = -0.74 lV) (p = .09, marginally significantly) and in turn was significantly more negative than that in the P condition (MA = 0.11 lV) (p \ .05). The Deviant type interacted with brain Region, F (4, 104) = 4.59, p \ .01, g p 2 = .15; and Hemisphere factor, F (4, 104) = 2.4, p = .08, g p 2 = .08. A simple analysis indicates that the different waveform in the EP condition was more negative than that in the E condition and in turn was more negative than that in the P condition in the frontal and central regions (ps \ .05) as well as in the middle and right hemispheres (ps \ .05).
In the period of 160-260 ms, the main effects were significant for Deviant type, F (2, 52) = 11.50, p \ .01, g p 2 = .31, Region, F (2, 52) = 11.01, p \ .01, g p 2 = .3, and for Hemisphere, F (2, 52) = 5.36, p \ .01, g p 2 = .17. Post hoc comparison reveals that the difference waveform in the EP condition (MA = -1.87 lV) was significantly more negative than that in the E condition (MA = -0.95 lV) and P condition (MA = -0.44 lV) (ps \ .05). No significant difference was found between the waveforms in the E and P 29. In the frontal and central regions, a simple analysis indicates that the waveform evoked in the EP condition was more negative than that in the E and P conditions (ps \ .05); no significant difference between waveforms in the E and P conditions was found (p [ .1). In the parietal region, waveforms in the EP and E conditions were more negative than those in the P condition (ps \ .05); no significant difference between waveforms in the EP and E conditions was found (p [ .1).
Different processing patterns were inferred to occur at these two stages of 90-160 and 160-260 ms. Thus, a further 2 (Time window: 90-160, 160-260 ms) 9 3 (Deviant type) 9 3 (Region) 9 3 (Hemisphere) repeated ANOVA was conducted. The results found a significant main effect for Time window, F (1, 26) = 5.00, p \ .05, and a significant interaction effect for Time window 9 Deviant type 9 Region 9 Hemisphere, F (8, 208) = 2.30, p \ .05. For time windows of 90-160 ms, deviants in the EP condition evoked larger fronto-central mismatch brain response than that in the E condition, while the change in physical properties alone was not detected in the P condition. From 160 to 260 ms, deviants in the EP condition also evoked larger fronto-central mismatch brain response than that in the E condition, while no significant difference was found between the waveforms in the E and P conditions. Further paired t test reveals that the empirically measured mismatch brain response elicited in the EP condition was equal to the sum of brain responses elicited in the E and P conditions (p [ .1). This analysis confirmed the different processing patterns of two stages. Then source localization was conducted to serve as another leg of the argument that Fig. 4 sLORETA maps for deviant-minus-control difference waves. sLORETA maps for the contrast between EP and C conditions (top row), E and C conditions (middle row), P and C conditions (bottom row), and during the early time window of 90-160 ms (left columns) and late time window of 160-260 ms (right columns) after stimulus onset. Blue deviant difference waves \ control difference waves; Red control difference waves \ deviant difference waves. Brain regions were activated mainly in EP and E conditions, including right auditory cortex, inferior frontal gyrus, and IPL at 90-160 ms. At the relatively later stage (160-260 ms), frontal regions (MeFG) were activated in the EP and E conditions. (Color figure online) Cogn Neurodyn (2014) 8:499-508 505 early and late time windows reflect different processes (Fig. 4) .
Source analysis
In the period of 90-160 ms, stimuli-driven regions (right IPL) were activated in EP and E conditions. More activation was evoked in the EP and E conditions in bilateral inferior/middle frontal gyrus (IFG/MFG). Right STG was also evoked in these three conditions. At the relatively later stage (160-260 ms), only the frontal regions were activated in the EP and E conditions, including bilateral MeFG. Cuneus were also activated, especially in the E condition.
Discussion
The current experiment investigated the underlying mechanisms in early emotional prosody perception using implicit oddball paradigm. We manipulated the detection cues of deviants from standards, in which emotional deviant stimuli were detected by simultaneous (EP condition) and respective changes (E condition and P condition) in emotional category and physical properties. The EEG data were analyzed in two time windows corresponding to the early and late processing stages in emotion prosody perception. We found that both physical properties and emotional significance could be detected at the very early stage, indicating that the emotion prosody change was perceived as a domain-general cue at the early stage.
Early stage
At very early stage, about 90 ms after stimulus onset, deviant stimuli were reliably detected in EP and E conditions, but not in P condition, and the amplitude of MMN in the EP condition was more negative than that in E condition. These results indicate that in EP condition the changes both in emotional category and physical properties were perceived and resulted in a larger change in the MMN amplitude than in E condition. The role of physical change for deviant detection in traditional oddball studies of emotional prosody was revealed. It is possible that at the early stage human brains are sensitive to general information of emotional prosody, rather than specific emotional category information. Previous oddball studies on emotional prosody usually interpret MMNs elicited by emotional deviants as an index of sensitivity to difference in emotional categories (Goydke et al. 2004; Schirmer et al. 2005) , due to the evolutionary significance and the processing priority of emotional information (Brosch et al. 2008 (Brosch et al. , 2009 ). Other than category processing view, our results revealed the simultaneous change detection in emotional category and physical properties, supporting the idea of early general information of emotional prosody. Previous studies also found gradual increase of emotional intensity in voices (Chen and Yang 2012) and in faces (Utama et al. 2009 ) had line relation with early P2 component, demonstrating that just like music and speech, changes in emotional sounds were processed as a cue of general change processing.
No MMN was evoked by physical change alone in the P condition, which could be explained in terms of MMN properties and the existence of more salient emotion change contained in the entire experimental context. When the experimental context had more salient variations, brain responses to relatively weaker changes might be eliminated or delayed (Campanella et al. 2002; Zevin et al. 2010 ). Another explanation is that emotional salient stimuli may have attracted more attention resources than neutral stimuli (Grossmann et al. 2005 ). In the P condition, most of the attention resources were drawn by happy standards, little resources were left for deviants, so that no MMN was invoked by physical change alone.
For emotional prosody perception, an increasing number of neuroimaging studies have identified the functional neuroanatomical associations with different processing stages. At this early stage, source analysis results revealed activations in the IPL, right STG and the frontal region. The IPL, right auditory cortex with voice-sensitive activity, inferior frontal gyrus with vocal emotions recognition, have been identified as ''emotional voice areas'' (Ethofer et al. 2012) . Particularly, the IPL was broadly activated in emotional prosody and linguistic tasks (Gandour et al. 2003; Wildgruber et al. 2005) ; and it is considered as the region for bottom-up sensory processing regardless of emotion (Ethofer et al. 2012 ) and attention resources (Buschman and Miller 2007) . In our study, IPL activations were observed in the early stage across conditions based on the results of the sLORETA analysis, which could be related to bottom-up processing, such as spatial auditory analysis . Thus, the early perception of emotional sounds may not only be related to category perception, but also to the domain-general change information in early emotional prosody perception. Further studies combining EEG and fMRI are necessary to understand the dynamics of emotional prosody perception over time. Nonetheless, it is important to consider emotional information first as physical information than as an emotional category.
Late stage
At the relative later stage MMNs were found in all three conditions. The amplitude of MMN in the EP condition was equal to the sum of MMNs in E and P conditions. The results suggest that the changes in emotional category and physical properties can be detected separately, and that their effects can be accumulated when changing simultaneously, consistent with the additive characteristics of the auditory MMN component (Du et al. 2011) .
As early MMN is supposed to reflect general processing, this later MMN is considered to reflect the emotional significance perception based on acoustic features integration (Schirmer and Kotz 2006) . Previous studies consistently proposed that emotional significance is extracted after acoustic properties analysis. Thierry and Roberts (2007) found that louder neutral sounds elicit a N1 component and a P3a variation with a central distribution, and that emotional deviant sounds are only evoked the late P3a. Chen and Yang (2012) found that P2 is linearly correlated with the rate of happy sound (in the mixture of happy and neutral emotional sound), and that the brain distinguishes emotional categorical feature in the P3 interval.
The early and late MMNs found in our study were in line with the finding of MMN with two peaks, an earlier (eMMN) and a later component (lMMN), as suggested by previous studies. The studies proposed that the eMMN reflects the detection of differences in acoustic features, and lMMN reflects higher-order integrative processes in auditory perception, and they are more closely related to the cognitive demands of task and perception of auditory entities (Korpilahti et al. 2001) . Therefore, this later stage is proposed to be sensitive to emotional significance processing based on acoustic feature integration.
In previous fMRI studies with implicit emotion judgments in the comparison between emotional and neutral changes, mainly the activations in the frontal cortex were observed at the later stage, such as MeFG (Gandour et al. 2003; Wildgruber et al. 2005) . The engagement of frontal regions possibly reflects the implicit high evaluation of emotional significance in a top-down manner (Frühholz and Grandjean 2012) .
It is interesting that prosodic emotional category and physical properties were processed simultaneously at the later stage. Each of them was a reliable cue for deviance detection, and their effects can be integrated into a larger mismatch response. These results are consistent with studies showing the simultaneous involvement of the right anterior STG and the right fronto-parietal operculum (Hoekert et al. 2008) . A possible interactive view was inferred during emotional prosody perception. Recent neuroimaging studies have proved the interplay between bottom-up stimulus analysis and high-level cognitive evaluation in spoken sentence comprehension (Boulenger et al. 2011 ) and vocal emotion perception (Leitman et al. 2010; Wildgruber et al. 2009 ). For instance, Leitman et al. (2010) found that when acoustic cue salience increases, greater sensory-integrative processing in the temporal cortex and amygdala is gained, and that information processing in the inferior frontal gyrus and temporo-frontal connectivity is augmented by the increased recruitment of top-down resources when the salience of acoustic cue decreases.
In summary, by separating the role of emotional category and physical properties in the implicit oddball paradigm, our study gives novel insights into the underlying mechanisms of early emotional prosody perception. We revealed the effect of physical properties change, and found that emotional prosody could be detected at the very early stage as a cue of general change processing. The emotional significance could be perceived at a relatively later stage with the activation of some frontal regions.
